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AN  EXPERIMENTAL  STUDY  OF  THE  ARTERIES  IN 
SHOCK.* 
BY  WILLARD  BARTLETT,  M.D. 
(From the Laboratory of Physiology, Washington University, St.  Louis, Mo.) 
At the suggestion of Dr.  Erlanger, I  have endeavored to  ascer- 
tain by a  direct method whether vasodilatation or vasoconstriction 
characterizes low  blood  pressure produced in the  dog by trauma. 
To this end, salt solution under constant pressure has been injected 
into medium sized  arteries  and  the  rate  of inflow studied  as  the 
blood pressure has fallen in consequence of injury to the cerebrum, 
the extremities, and the abdominal viscera.  After the first set of 
observations, the trauma was applied more or less  continuously to 
the end of each experiment.  As a matter of course, full ether anes- 
thesia, with preliminary morphin in some instances, was used. 
In some of these experiments, the  femoral artery was  selected. 
It was divided high and a cannula was placed in the distal end.  In 
other experiments, the splenic artery was divided as near the aorta 
as possible, a cannula was inserted distally, and all the branches sup- 
plying  the  spleen  were  ligated,  leaving  only  the  large  terminal 
branch which anastomoses with the coronary artery of the greater 
curvature. 
Text-figure I  gives an idea of the apparatus used.  A  Mariotte 
flask, A, maintained a constant pressure upon the water in the pres- 
sure bottle, B, which in turn drove a column of air against the salt 
solution in the burette, D.  This had a scale for reading and could 
be filled from the storage chamber, C, a relief cock being found at G. 
The manometer, E,  registered the pressure under which the saline 
entered the artery.  A bulldog forceps on the blood-vessel admitted 
the fluid,  while the rapidity of the  inflow was noted with  a  stop- 
watch, and was expressed by the number of cubic centimeters that 
left the burette,  D,  in  a  given time.  At least two readings were 
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made at each observation, and when these did not agree, readings 
were continued until they became consistent.  The pressure of the 
inflow was always high enough to  obviate any possible  effect that 
could be exerted by a changing venous pressure. 
The zero of the blood pressure scale did not correspond with the 
zero of the mercury manometer used for measuring the blood pres- 
sure in the carotid artery.  Unfortunately, the manometer was dis- 
mantled before all the readings made at the time were corrected for 
zero.  These readings,  while not absolutely correct, are  relatively 
so, and indicate the degree of fall of pressure resulting from trauma, 
and this  fall  was  really the  special  object  of  the  blood  pressure 
observations.  In any event the absolute discrepancy could amount 
to only a  few millimeters of mercury. 
Eleven experiments were carried out on dogs of different size. 
Before  taking  up  the  successful  experiments,  however,  one  that 
failed  might  be  mentioned,  since  it  exerted  an  influence  on  the 
technique subsequently employed.  In  this  experiment, the  injec- 
tions  were made through the splenic artery, and the stomach and 
other  abdominal  viscera  were  subjected  to  trauma.  The  results 
obtained  were so  anomalous that the  experiment was  abandoned, 
and in subsequent ones with the splenic artery the abdominal con- 
tents were carefully protected from injury. 
Experiment I.--Into  the  femoral  artery  of  a  small  dog,  salt  solution  was 
injected under constant pressure.  Four  observations  in the course  of  two  hours 
showed  that  during  this  time  no  great  change  in  the  blood  pressure,  and  no 
marked  alteration  in  the  rate  of  injection  had  occurred.  This  experiment  is  a 
control  on those  that  follow. 
The Arteries in Shock.--In experiments 2  to 6  inclusive  (tables 
I to 5), the influence of shock upon the arteries may be seen. 
Experiment  ~.--In  this  experiment,  the  salt  solution  was  injected  under 
constant  pressure  into  the  femoral  artery  of  a  dog  weighing  eight pounds.  At 
first',  the  rate of  flow was  irregular,  decreasing,  increasing,  and  then  decreasing 
again,  but  finally,  after  about  two  and  one  half  hours,  the  rate  through  the 
artery  increased  markedly,  and  at  the  death  of  the  animal  it  was  nearly  four 
times  as  great  as  at  the  beginning  of  the  experiment. 418  Experimental  Study  of  the  Arteries  in  Shock. 
TABLE  I. 
February 2, z9rr.  Eight Pound Mottled Bitch.  Femoral Artery. 
Blood 
pressure  Time. 
in ram. 
I64  3:Io P.M. 
x4I  4:oo P.M. 
95  4:45 P.M. 
xxo  5:o5 P.M. 
9I  5:25 P.M. 
76  5:55 P.M. 
7I  6:33 P.M. 
7x  6:40 P.M. 
65 
o  7:Ix P.M. 
o  7:I2 P.M. 
o  7:I2 P.M. 
o  7:25 P.M. 
0 
0 
Remarks. 
Before trauma. 
Trauma at 3:2o P.M. 
After trauma. 
After trauma. 
After trauma. 
Trauma. 
After trauma. 
Trauma. 
After trauma. 
Trauma. 
After trauma. 
Trauma. 
After trauma. 
Trauma. 
After trauma, 
Trauma. 
After trauma. 
After trauma. 
Animal breathing; heart 
beating faintly. 
Animal dead. 
Experiment 2 is given in full since it is typical of the others.  For 
the sake of brevity, however, in the experiments that  follow, the 
essentials only will be given. 
Experiment I--The  animal in this experiment' had been worked  upon  for  two 
or  three  hours before  I  received  it.  As  the  blood  pressure  was  low  (95  milli- 
meters)  when  I  began,  the  detectable  influence  of  trauma  in  this  instance  was 
small.  We  note,  however,  that  as the pressure dropped  to  zero,  the  rate  of  flow 
through  the  femoral  artery  increased  from  3.3  c.c.  per  second  to  3.7  c.c. Willard  Bartlett.  419 
TABLE  II. 
February  27, 1911.  Fox Terrier.  Femoral  Artery.  Inflow Manometer,  22o. 
Blood 
pres-  Time.  sure in 
mm. 
9  3:4O  P.M.  { 
5:3o P.M.  { 
Inflow 
in c.c. 
5.9 
6.0 
Duration 
in seconds. 
1.8 
1.8 
Rate 
per sec- 
ond. 
2 verage 
I Lte per 
mond. 
}  3.3 
Remarks. 
The  animal  had  been  experi- 
mented on for other purposes 
for  2  to  3  hours before  the 
flow  through  the  femoral 
artery  was determined. 
Trauma. 
Heart beating.  No breathing. 
8.I  2.0  } 
6.0  1.8  3.7 
Experiment 4.--In this dog, as the blood pressure dropped  from IOO to 45 mm., 
the  rate  of  injection  increased  from  1.81  c.c.  per  second  to  2.42  c.c. 
TABLE  hi. 
March  16,  1911.  Ten  Pound  Spotted  Bitch.  Inflow  Manometer,  220. 
Inflow in  Duration in  Rate per  Av ~ragerate  Remarks. 
c.c.  seconds,  second,  p{  second. 
Blood pres-  Time. 
sure. 
I00  3:45 P.M. 
45  5:25 P.M. 
9.6 
4.3 
4.5 
i{ 45  4.2 
4.7 
5.0 
2.6 
2.4 
2.2 
1.6 
1.8 
1.92 
x.65 
1.87 
2.o4 
2.62 
2.6I 
1.8i 
2.42 
Trauma continuous. 
Trauma  continuous. 
Experiment  5.--In  this  animal  the  injection  was  made  through  the  splenic 
arfery.  Table  IV  shows that  after  two hours  of trauma,  the blood  pressure had 
risen  from  115  to  12o  ram.,  and  the  rate  of  injection  had  decreased  from  1.2 
to  o.94  c.c.  per  second.  Traumatism  was  continued  two  and  a  half  hours 
longer,  or  until  the  blood  pressure  fell  to  69  and  the  rate  of  inflow  increased 
to  1.87  c.c.  per  second.  Here  again  we  note  that  after  several  hours of  trauma, 
there  was  a  decreased  vasomotor  tone. 
TABLE  IV. 
March 23,  1911.  Twelve Pound  Mongrel.  Splenic 
217.  Mot ~hin. 
Blood  Time. 
pressure. 
II5  x2:45 P.M. 
I20  2:45 P.M. 
69  5:t5 P.M. 
Inflow 
in c.c. 
i  4-7 
4-7 
4.5 
4.2 
4.4 
4.4 
4.4 
4.5 
Duration in 
seconds. 
3.6 
3.6 
3.6 
4.4 
4.8 
4.6 
2.4 
2.4 
Rate per 
second. 
1.3o 
1.3o 
1.25 
0.95 
0.92 
0.95 
1.83 
1.87 
Experiment 6.--As  the blood  pressure  m  this  ex 
mm., the  rate  of  flow  through  the  splenic artery 
per  second. 
Artery.  Inflow Manometer, 
A~ erage rate 
p~ r second. 
1.28 
0.94 
1.87 
Remark. 
Before trauma. 
After 2 hours of 
trauma. 
After  4½  hours 
of trauma. 
)ertmeat  fell  from  14I  to  45 
increased  from  1.56  to  2.o4  c.c. 420  Experimental  Study  of  the  Arteries  in  Shock. 
TABLE  V. 
April co, z91z.  Small Dog.  Splenic  Artery.  Inflow Manometer, 2z8.  Morphin. 
Blood  Time. 
pressure. 
I4I  1:30 P.M. 
45  4:I5  P.M. 
45  4:20 P.M. 
Inflow 
in C.c. 
4.9 
4.9 
4.9 
4.8 
4.9 
5.o 
Duration in 
seconds. 
3.2 
3.2 
3.0 
2.4 
2.4 
2.4 
Rate per 
second. 
1.53 
x.53 
x  .63 
2.00 
2.04 
2.08 
A~ erage rate 
p( r second. 
x.56 
2.02 
2.08 
Remarks. 
Before trauma. 
Trauma. 
No respiration. 
Artificial respiration. 
Animal  bled  to 
death. 
Experiment 7.--In this experiment, attempts to produce shock by trauma were 
continued for two hours, but without muck success.  In this time, the blood pres- 
sure fell from  185 to  155 ram., and the rate through the femoral artery increased 
from  1.5  to  1.8  c.e.  The  contin.uance  of  the  experiment  was  prevented  by  the 
clotting of the blood. 
TABLE  VI. 
February  ~t,  19II.  Twelve  Pound  Mottled  Dog.  Femoral  Artery. 
Blood 
pres-  Time. 
sure. 
x85{  3:I5 P.M. 
3:2o P.M. 
5:xo P.M. 
x55  5:x5 P.M. 
Experiment 8. 
Infow  Duration  Rate per  Average 
in c.c.  in seconds,  second,  rate per 
second. 
7.4  5.0  L49 
8.3  S.o  1.66  ,  L57 
5.5  2-4  2.30 
f 
1.9o  5.5  3.6  z.53 
Hemorrhage.--Profuse hemorrhage 
Remarks. 
Trauma for 2 hours. 
No real shock blood pressure 
was  obtained,  but vaso. 
dilation was evident. 
see  table  VII)  was  fol- 
lowed by a  diminished inflow, through the splenic artery, the effect of hemorrhage 
being just the opposite of  that of  shock. 
TABLE  VII. 
February  I4,  z9H.  Ten Pound Mottled Bitch.  Splenic  Artery.  Inflow 
Manometer,  2r6. 
Blood 
pres-  Time. 
sure. 
x45  3:30 P.M. 
5X  7:25 P.M. 
Inflo~ 
in c.c 
5.5 
5.4 
6.I 
5.0 
5.x 
Duration in ]  Rate per 
seconds,  second. 
2.6 
2.8 
2.6 
3.4 
3.8 
Average 
rate per 
second. 
2.I 
}  1.4 
Remarks. 
Dog bled. 
Occasional  heart  beat and 
respiration after bleeding. 
After hemorrhage there was 
vasoconstriction. 
Experiment 9.  Hemorrhage and  Shock.--During  the course  of  experiment 9 
(table VIII), profuse bleeding reduced the rate of the inflow to  I  c.c.  per second. 
In spite of this, however, the results obtained  agree  in the main with the  rest of 
my shock experiments;  nevertheless, since the  element of  hemorrhage  enters  in, 
this experiment is not included among the pure shock experiments. Wilgard  Bartlett.  421 
Experiments 8  and 9  show that the effects of removal of blood 
from the body in hemorrhage are not identical with those accom- 
panying a  fall  of blood pressure  due to  trauma.  It  would  seem, 
therefore, that the diminished inflow, or vasoconstriction, following 
bleeding indicates an automatic protective mechanism which was not 
evident in the pure shock experiments. 
TABLE  VIII. 
February  23,  I91I.  Five  Pound  Black  Dog.  Femoral  Artery.  Inflow 
Manometer, 218. 
Blood 
pres-  Time. 
sure. 
z'~5  5:50 P.M. 
o  7:36 P.M. 
Inflow 
in c.c. 
5-4 
5.3 
5.4 
{1:8, 
Duratio 
secon( 
~.6 
2.6 
2.6 
2.0 
2.0 
t in  Rate pe 
s.  second. 
2.O76 
2.040 
2.o76 
2.4oo 
2.550 
Average 
rate per 
second. 
2.06 
i} 2.4, 
Remarks. 
Before trauma. 
Trauma followed by profuse 
bleeding. 
No  breathing;  weak  hear 
beats. 
Dead. 
Experiment zo.  Resuscitation.--In  one experiment  (see table IX),  the trauma 
led to the death of the animal, and  artificial  respiration and  electrical  stimulation 
of the heart were  resorted to in order  to resuscitate the animal.  The table shows 
that  even under these conditions the rate  of flow through the  femoral  artery  was 
greater when the blood pressure was 20 mm. than when it was  125 ram.;  i.  e., the 
result was in  full accord with, those in  shock. 
TABLE  IX. 
Small Dog.  Femoral Artery.  Inflow Manometer, I98.  MorpMn. 
Blood 
pres-  Time. 
sure. 
x25  3:53 P.M. 
~25  3:57 P.M. 
I4x  4:03 P.M. 
o  5:x5 P.M. 
2o  5:25 P.M. 
nflow 
m c.c. 
5.4 
5.5 
5-9 
3.8 
4.6 
Duratk 
in secon, 
2.6 
3.2 
3.2 
X.8 
2.4 
Rate  per 
second. 
2.o8 
x.7z 
L84 
2.00 
1.9I 
verage 
tte  per 
.-cond. 
,.87 
2.00 
x.9x 
Remarks. 
Trauma and death  at  4:06 
P.M.  Artificial respira- 
ation and electrical stim- 
ulation of heart at 4too. 
Heart beating. 
Animal killed  by clamping 
trachea. 
For the sake of comparison, the results in experiments 2 .to 6,  in 
which shock blood pressure was obtained, are here brought together. 422  Experimental  Study  of  the  Arteries  in  Shock. 
Experiment 2 
Experiment 3 
Experiment 4 
Experiment 5 
Experiment 6 
Rate  of  High  Rate of  Shock 
Blood Pressure.  Blood Pressure. 
0.54  1.48 
3.30  3.70 
1.8I  2.42 
1.28  1.87 
1.56  2.o8 
8.49  II.55 
From the figures given above, it is easily seen by calculation that 
the average rate of inflow in these five experiments was 3 6 per cent. 
faster  in  shock  than  under  normal  conditions.  The  number  of 
experiments was small, but the results in all were consistent.  They 
are, therefore, conclusive. 
Vagus and Sciatic Nerve Stimulation.--In  one experiment  (No. 
I I),  stimulation of the vagus and sciatic nerves was resorted to in 
order to ascertain the possible effect of a collateral circulation upon 
the results here reported.  The general blood pressure was  dimin- 
ished  by stimulation  of the peripheral  vagus.  As  will  be  seen  in 
table X, this reduction in blood pressure had no influence upon the 
rate of flow through the vessel under observation.  The collaterals, 
therefore, do not play a  r61e in this work. 
It should be no~ed, further, that the sciatic nerve was tied to pre- 
vent the passage of impulses through the majority of the vasocon- 
strictor fibers supplying the femoral artery to be tested.  The result 
of the local vasodilatation was to increase the rate of inflow in the 
locality involved.  Peripheral stimulation of the same nerve, how- 
ever, diminished the rate, and we are thus strengthened in our con- 
clusion that  an  increased inflow means decreased vasomotor tone. 
Reasoning by analogy, we conclude that ,the increased inflow, asso- 
ciated in these experiments with decreased blood pressure following 
trauma, is due to decreased vasomotor tone. 
In  all,  fifty-nine observations  were  made,  but  a  number  were 
omitted as  inconclusive, the animal  toward the end of 'the lengthy 
experiment being no longer in  condition to  react properly.  Text- 
figures 2  (a and b)  and 3  are from experiment I I,  and show that 
the  collateral  circulation  played  no  part,  and  that  vasodilatation 
was  produced by section of the sciatic,  while vasoconstriction was 
caused  by  stimulating  this  nerve.  A  comparison  of  the  seven Willard  Bartlett.  423 
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TABLE  X. 
Small Bull Pup.  Femoral  Artery.  Inflow Manometer, 2~8. 
No.  Of 
observa- 
tions. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
II 
I2 
I3 
r4 
I5 
x6 
I7 
i8 
I9 
20 
2I 
22 
23 
24 
s5 
26 
27 
28 
29 
30 
3I 
32 
33 
34 
35 
t29  I28 
t3o  i  I28 
[27  I28 
t26  I26 
to4  74 
t4o  93 
r36  85 
137  80 
134  66 
I3I 
I3I 
132  60 
127  60 
46 
II5 
ii8 
II5 
IX3  II7 
II9  II] 
122  I21 
II8 
I20 
zr8  IX8 
116  II~ 
I20  2 5 
I07  3C 
II2  2C 
I08  I~ 
m  I04 
4.4 
4.5 
4.5 
4,4 
4.9 
5.2 
4.9 
5.0 
4.8 
4,9 
4,9 
4.9 
4.9 
4.9 
5.0 
3.0 
3.0 
3.I 
3.I 
3.0 
3.0 
3.I 
3.0 
3.1  2.0 
3.1  1.6 
3.I  2.0 
3.1  1.8 
3.I  2.o 
3.7  1.8 
Rate 
Remarks. 
--  I  "  Normal. 
I.I9  {  ) 
1.22  ~ i 
o.9I  J 
Sciatic tied. 
r.69  } : 
1.73 
Sciatic stimulated. 
r.38  • 
1.41  '  )- 
1.50  - 
1.29  .,, 
x.53 
x.53 
1.36  Vagus stimulated. 
1.47  t 
1.4I  .I 
Normal. 
x.23  } 
1.23  : 
Vagus and sciatic sthnuiated. 
0.76  } 
o.74 
Normal. 
0.98 
0.90  } 
Normal. 
x.25 
x.36  } 
[  Sciatic stimulated. 
7.19  i l 
1,25 
1.50  } 
Normal. 
1.87  l} 
1.93  1 
Sciatic  stimulated. 
r.5o  } 
1.55 
Vagus stimulated. 
1.93 
Vagus and  sciatic  stimulated. 
1.55 
Vagus stimulated. 
1.72 
Vagus and sciatic stimulated. 
1-55 
Normal. 
1.72 Willard  Bartlett.  425 
~o, of 
observa. 
tions. 
36 
37 
38 
39 
40 
4x 
Blood pres- 
sure before 
stimulation. 
xx3 
I02 
II3 
xo8 
i 
Blood pres-I 
Blo  res-  sure duringl  Inflow 
sur  Ore  stl.mula-  [  in c.c. 
stir~  .on. 
tlOn.  I 
5. 0 
xI2  5.0 
2S  I  5.0 
2~  5.0 
25  5.0 
Iio  5.0 
Dura-  Rate  Averag 
tion in  per  rate pe] 
seconds,  second,  second 
3.2  1.56  1.56 
3.2  1.56  x.56 
3.o  x.66  1.66 
3-4  x.47  x.47 
3.2  I.S6  L56 
4.0  z.25  z.~5 
Remarks. 
i  Normal.  i 
i  Normal. 
i 
i  Vagus stimulated. 
Vagus stimulated. 
Vagus stimulated. 
Sciatic stimulated. 
groups,  into  which the  first  twenty-one observations  are  divided, 
will be found especially instructive. 
It has been claimed that the use of morphin reduces the animal's 
susceptibility to shock.  It is interesting to note in this connection 
that morphin was used, in some of these experiments, as a prelimi- 
nary to  ether, but the writer  did not find that  its  use  lengthened 
appreciably "the time required for the production of shock. 
It  may be  suggested that  decreased  viscosity  played  a  r61e  in 
obtaining the above results, but the increased inflow is well outside 
the limits for which a change in viscosity can account.  It may be 
stated further in this connection that the amount of saline used with 
each  injection  (approximately  between  two  and  five  cubic centi- 
meters)  very  soon washed  out of  the  tiny  vessel both  the  blood 
which was there originally and that which might succeed in finding 
its way into the arterioles in the intervals between successive injec- 
tions.  Hence viscosity could have played no part at all. 
The question arises  as  to  whether the injection of salt  solution 
into the arteries, by increasing the total fluid content, may not call 
forth compensatory vasodilatation.  It is improbable that this will 
occur unless the injected fluid raised  the blood pressure.  But  in 
these experiments, instead of rising, the blood pressure always fell. 
Furthermore, the total quantity of salt solution injected was,  as a 
rule, only about Ioo cubic centimeters, which is practically a  negli- 
gible quantity when consideration is taken of the fact that more than 
three hours were required for its introduction,--another reason for 
disregarding plethora as a  factor in the results obtained.  Bleeding 426  Experimental  Study  of  the  Arteries  in  Shock. 
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in shock  (experiments 8  and 9)  also caused no  rise of blood pres- 
sure ; hence, this factor cannot have been of consequence. 
Cannot  the  injected  fluid  have  injured  nerve  terminals  or  the 
muscular coats of the vessels and so have prevented the action of 
the vasomotor system?  This is not a factor since the rate of inflow 
did not increase until the blood pressure  fell, and hemorrhage late 
in an experiment still slowed the rate of inflow through reflex vaso- 
constriction.  As a rule, a  notable increase in the inflow took place, 
on  the  average  about  three  hours  after  the  beginning  of  the 
experiments. 
Seelig  and  Lyon  a  have  concluded  from  their  experiments  that 
vasoconstriction  occurs  in  shock.  As  an  argument,  they cite the 
fact that the skin is anemic and chilled.  This is as readily explained 
on the basis  of a  passive anemia as upon that of an active anemia 
due to vasoconstriction.  In other words, the blood that is normally 
at the periphery has in all probability simply run through the relaxed 
vessels  and  accumulated  in  the  large  internal  veins.  The  same 
authors measured the outflow from the femoral veins and  found it 
increased after section of the sciatic in a  normal dog.  They then 
produced a  state of shock and found that the flow was proportion- 
ately  increased  after  division  of  the  sciatic.  They  took  this  as 
another evidence that vasoconstriction is a  consequence of shock. 
However, it can be shown by a  simple calculati9n based upon the 
law  of  Poiseuille,  that,  other  conditions  remaining the  same,  the 
elimination of the same degree of vasomotor tone by section of the 
sciatic, on  the one hand  while the blood  pressure is  high,  and on 
the other while the blood pressure is low, should have yielded figures 
similar  to  those  obtained  by  Seelig  and  Lyon.  Increased  vaso- 
motor tone should, therefore, have produced greater Changes in the 
rate of outflow than these authors found.  It is obvious that in such 
experiments as those of Seelig and Lyon it is necessary to know the 
viscosity of the blood before a  definite conclusion could be arrived 
at.  The fact that they used ice in the peritoneal cavity as a means 
of  producing shock  would seem to  make such  estimations  doubly 
necessary. 
1 Seelig and  Lyon,  The  Condition  of  the  Peripheral  Blood Vessels  in  Shock, 
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The work of Seelig and Lyon would seem to  show merely that 
vasomotor tone is not annihilated.  In my series of experiments, like- 
wise, up to the time of death, vasomotor control was not truly anni- 
hilated, as was shown by the fact that the rate of inflow was always 
found to be increased still  further when measured after death had 
taken place. 
CONCLUSION. 
As a  result of the experimental work here recorded, there can be 
no doubt of the fact that the rate of inflow in shock was faster than 
normally, and in my experiments the average  increase was 36 per 
cent.  It  is concluded, therefore, that decreased vasomotor tone is 
an accompaniment of shock. 
It is with pleasure that I  thank Dr.  Erlanger for suggesting this 
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